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Rare Λc → pℓ+ℓ− decay in the relativistic quark model
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FRC CSC RAS, Vavilov Street 40, 119333 Moscow, Russia
The relativistic quark model based on the quasipotential approach with the QCD-
motivate potential is employed for the calculation of the form factors of the Λc → p
rare weak transitions. Their momentum dependence is explicitly determined without
additional assumptions and extrapolations in the whole kinematical range of the mo-
mentum transfer squared q2. The differential Λc → pl+l− decay branching fractions
and angular distributions are calculated on the basis of these form factors. Both the
perturbative and effective Wilson coefficients, which include contributions of vector
meson resonances, are used. The calculated branching fraction of the Λc → pµ+µ−
rare decay is well consistent with the experimental upper limit very recently set by
the LHCb Collaboration.
PACS numbers: 13.30.Ce, 12.39.Ki, 14.20.Mr, 14.20.Lq
I. INTRODUCTION
In the standard model the Λc → pℓ+ℓ− rare weak decays are governed by the c→ u quark
transitions which proceed through the flavour-changing neutral currents. The short-distance
contributions to these decays are expected to be strongly suppressed by the Glashow-
Iliuopoulos-Maiani (GIM) mechanism [1]. Indeed, the corresponding penguin diagrams get
contributions only from the down-type quarks which have negligible masses compared to the
electroweak scale thus providing almost complete GIM cancellation. Therefore a significant
role is played by the long-distance effects which are expected to arise from the meson reso-
nances decaying to the lepton pair. As a result process involving c→ ul+l− transitions are
far less explored than the corresponding b→ sl+l− transitions both theoretically and exper-
imentally. The exclusive decays proceeding through such transitions are mostly studied for
the rare D-meson decays (see e.g. recent papers [2–4] and references therein). The baryon
case Λc → pl+l− received substantially less attention. The estimates of the corresponding
form factors and decay branching fractions in the light cone QCD sum rules are given in
Refs. [5, 6]. The lattice QCD determination of the Λc → p form factors and the Λc → pµ+µ−
rare decay observables was recently presented in Ref. [7]. Experimentally first constraints
on the Λc rare decay branching fractions were set by the BABAR Collaboration [8] and very
recently they were significantly improved by the LHCb Collaboration [9].
In this paper we calculate the Λc → p transition form factors in the framework of the rel-
ativistic quark model based on quasipotential approach with QCD-motivated potential. We
consider baryons to be the relativistic quark-diquark bound systems which wave functions
were previously determined within the mass spectra calculations [10]. Using the quasipo-
tential approach we express the weak transition matrix elements through the overlap in-
tegrals of the initial and final baryon wave functions. It is important to emphasize that
the momentum transfer dependence of the matrix elements and corresponding form factors
is explicitly determined without additional assumptions and extrapolations in the whole
2available kinimatical range. We previously successfully applied such approach for the study
of the semileptonic and rare Λb decays [11, 12] and the semileptonic Λc decays [13]. Then
we use these form factors for the calculation of the differential and total decay branching
fractions both with the perturbative and effective Wilson coefficients, which include the
long-distance contributions from vector meson resonances, and confront the obtained results
with the available experimental data.
II. RELATIVISTIC QUARK MODEL
We employ the relativistic quark-diquark picture based on the quasipotential approach
for the description of baryon properties. The diquark as a bound state of two quarks and
the baryon as a quark-diquark bound system are described by the diquark wave function Ψd
and by the baryon wave function ΨB, which satisfy the relativistic quasipotential equation
of the Schro¨dinger type [14]
(
b2(M)
2µR
− p
2
2µR
)
Ψd,B(p) =
∫
d3q
(2π)3
V (p,q;M)Ψd,B(q). (1)
Here the relativistic reduced mass is defined as
µR =
M4 − (m21 −m22)2
4M3
,
and the center-of-mass system relative momentum squared on mass shell is given by
b2(M) =
[M2 − (m1 +m2)2][M2 − (m1 −m2)2]
4M2
,
where M is the bound state mass (diquark or baryon), m1,2 are the masses of quarks (q1
and q2) which form the diquark or of the diquark (d) and quark (q) which form the baryon
(B), and p is their relative momentum.
To construct the quasipotentials V (p,q;M) of the quark-quark or quark-diquark inter-
action we use the off-mass-shell scattering amplitude, projected onto the positive energy
states. The effective quark interaction is taken to be the sum of the one-gluon exchange
term and the mixture of long-range vector and scalar linear confining potentials with the
mixing coefficient ε. In the nonrelativistic limit they are given by
VOG(r) = −4
3
αs
r
,
V Vconf(r) = (1− ε)(Ar +B),
V Sconf(r) = ε(Ar +B), (2)
and their sum
V (r) = VOG(r) + V
V
conf(r) + V
S
conf(r) = −
4
3
αs
r
+ Ar +B
reproduce the widely used Cornell-like potential. Note that we use the freezing [15] QCD
coupling constant αs. As in the case of mesons [14], we also assume that the vector confining
3potential contains not only the Dirac term but the additional Pauli term, thus introducing
the anomalous chromomagnetic quark moment κ:
Γµ(k) = γµ +
iκ
2m
σµν k˜
ν , k˜ = (0,k). (3)
The explicit expressions for the quasipotentials are given in Ref. [16].
All parameters of the model were fixed previously from calculations of meson and baryon
properties [14, 16]. We use the following values for the constituent quark masses: mu = md =
0.33 GeV, ms = 0.5 GeV, mc = 1.55 GeV and for the parameters of the linear potential:
A = 0.18 GeV2 and B = −0.3 GeV. The value of the mixing coefficient of vector and
scalar confining potentials ε = −1 has been determined from the consideration of the heavy
quark expansion for the semileptonic heavy meson decays and the charmonium radiative
decays [14]. While the universal Pauli interaction constant κ = −1 has been fixed from the
analysis of the fine splitting of heavy quarkonia 3PJ- states [14]. Note that the long-range
chromomagnetic contribution to the potential, which is proportional to (1+κ), vanishes for
the chosen value of κ = −1 in agreement with the flux tube model.
III. FORM FACTORS OF THE RARE WEAK Λc → p TRANSITIONS
To study the rare weak decays of the Λc baryon we need to calculate the matrix element of
the weak current between the Λc and proton (p). This matrix element in the quasipotential
approach is given by the expression
〈p(pp)|JWµ |Λc(pΛc)〉 =
∫
d3p d3q
(2π)6
Ψ¯ppp(p)Γµ(p,q)ΨΛc pΛc (q), (4)
where Γµ(p,q) is the two-particle vertex function and ΨB pB are the B (B = Λc, p) baryon
wave functions projected onto the positive-energy states of quarks. The vertex function Γ
receives relativistic contributions both from the impulse approximation diagram and from
the diagrams with the intermediate negative-energy states [11]. Since the final proton is
moving with the momentum pp in the Λc rest frame (pΛc = 0) the boosts of the proton wave
function are taken in to account by the wave function transformation [11]
Ψppp(p) = D
1/2
u (R
W
Lpp
)Ψp 0(p), (5)
where Ψp0 is the proton wave function in the rest frame, R
W is the Wigner rotation, Lp
is the Lorentz boost from the baryon rest frame to a moving one with the momentum pp,
and D1/2u (R
W ) is the rotation matrix of the active (u) quark spin. Note that we consider a
proton as the bound state of the u quark and scalar ud diquark.
The hadronic matrix elements for the weak decay Λc → pℓ+ℓ− can be parameterized by
the following set of the invariant form factors [17, 18]
〈p(p′, s′)|u¯γµc|Λc(p, s)〉 = u¯p(p′, s′)
[
fV1 (q
2)γµ − fV2 (q2)iσµν
qν
MΛc
+ fV3 (q
2)
qµ
MΛc
]
uΛc(p, s),
〈p(p′, s′)|u¯γµγ5c|Λc(p, s)〉 = u¯p(p′, s′)[fA1 (q2)γµ − fA2 (q2)iσµν
qν
MΛc
+ fA3 (q
2)
qµ
MΛc
]
γ5uΛc(p, s),
〈p(p′, s′)|u¯iσµνqνc|Λc(p, s)〉 = u¯p(p′, s′)
[
fTV1 (q
2)
MΛc
(
γµq2 − qµ/q
)
− fTV2 (q2)iσµνqν
]
uΛc(p, s),
4TABLE I: Form factors of the weak Λc → p transition.
fV1 (q
2) fV2 (q
2) fV3 (q
2) fA1 (q
2) fA2 (q
2) fA3 (q
2) fTV1 (q
2) fTV2 (q
2) fTA1 (q
2) fTA2 (q
2)
f(0) 0.627 0.259 0.179 0.433 −0.118 −0.744 −0.310 −0.380 0.202 −0.388
f(q2max) 0.821 0.640 0.303 0.517 −0.443 −1.63 −0.517 −0.505 0.327 −0.499
a0 0.451 0.348 0.209 0.349 −0.309 −0.768 −0.285 −0.277 0.228 −0.342
a1 1.51 −0.344 0.245 0.503 1.04 −0.446 −0.915 −0.757 0.097 −0.677
a2 −2.12 −1.64 −3.06 0.614 1.72 3.59 5.05 0.395 −1.87 2.49
〈p(p′, s′)|u¯iσµνqνγ5c|Λc(p, s)〉 = u¯p(p′, s′)
[
fTA1 (q
2)
MΛc
(
γµq2 − qµ/q
)
− fTA2 (q2)iσµνqν
]
γ5uΛc(p, s). (6)
Explicit expressions for the corresponding form factors in our model are given in Refs.
[11, 12]. The form factors are expressed through the overlap integrals of the baryon wave
functions which we take from the mass spectrum calculations [10]. All relativistic effects
including transformations of the proton wave functions from the rest to moving reference
frame (5) and contributions of the intermediate negative-energy states are consistently taken
into account. It is important to point out that the momentum transfer q2 behavior is
explicitly determined in the whole kinematical range without extrapolations or additional
assumptions which are used in most of other theoretical considerations. This fact improves
the reliability of the form factor calculations.
The calculated form factors are well approximated by the following expressions
F (q2) =
1
1− q2/M2pole
{
a0 + a1z(q
2) + a2[z(q
2)]2
}
, (7)
where the variable
z(q2) =
√
t+ − q2 −√t+ − t0√
t+ − q2 +√t+ − t0
, (8)
t+ = (MD + Mπ)
2 and t0 = q
2
max = (MΛc − Mp)2. The pole masses have the values:
Mpole ≡ MD∗ = 2.010 GeV for fV1,2, fTV1,2 ; Mpole ≡ MD1 = 2.423 GeV for fA1,2, fTA1,2 ; Mpole ≡
MD0 = 2.351 GeV for f
V
3 ; Mpole ≡ MD = 1.870 GeV for fA3 . The fitted values of the
parameters a0, a1, a2 as well as the values of form factors at maximum q
2 = 0 and zero
recoil q2 = q2max are given in Table I. The difference of the approximated form factors from
the calculated ones does not exceed 0.5%. Our model form factors are plotted in Fig. 1.
We compare our results for the form factors fV,A,TV,TAi at the maximum recoil point
q2 = 0 with the predictions of other approaches in Table II. The covariant confined quark
model was used in Ref. [18]. The authors of Refs. [19, 20] employ the QCD light-cone sum
rules. The calculations in Ref. [21] are based on full QCD sum rules at light cone. We
find reasonable agreement with results of Refs. [18, 20], while predictions of Ref. [21] are
substantially different for most of form factors. Note that the tensor fTV,TA1,2 form factors
were not calculated in Refs. [18, 20, 21]. It is not possible to present tensor form factors
from the light-cone QCD sum rules [5], since the authors use a different parametrization for
the matrix element involving tensor current which contains two extra form factors (6 instead
of usual 4).
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FIG. 1: Form factors of the rare Λc → p transition.
TABLE II: Comparison of theoretical predictions for the form factors of weak baryon Λc → p
decays at maximum recoil point q2 = 0.
fV1 (0) f
V
2 (0) f
V
3 (0) f
A
1 (0) f
A
2 (0) f
A
3 (0) f
TV
1 (0) f
TV
2 (0) f
TA
1 (0) f
TA
2 (0)
our 0.627 0.259 0.179 0.433 −0.118 −0.744 −0.310 −0.380 0.202 −0.388
[18] 0.470 0.246 0.039 0.414 −0.073 −0.328
[20] 0.59+0.15−0.16 0.43
+0.13
−0.12 0.55
+0.14
−0.15 −0.16+0.08−0.05
[21] 0.17 1.78 2.95 0.52 0.71 −0.0073
TABLE III: Comparison of our predictions with lattice data for the helicity form factors of weak
baryon Λc → p decays at minimum q2 = q2max and maximum q2 = 0 recoil.
f+(q
2) f⊥(q2) f0(q2) g+(q2) g⊥(q2) g0(q2) h+(q2) h⊥(q2) h˜+(q2) h˜⊥(q2)
q2 = q2max
our 0.978 1.72 0.999 0.778 0.778 0.918 1.23 0.633 0.691 0.691
[7] 1.50(8) 2.47(12) 1.25(6) 0.99(3) 0.99(3) 1.52(8) 2.01(14) 1.14(6) 0.91(4) 0.91(4)
q2 = 0
our 0.627 0.992 0.627 0.433 0.503 0.433 0.818 0.380 0.507 0.388
[7] 0.67(6) 1.12(12) 0.67(6) 0.60(6) 0.60(5) 0.60(6) 0.94(9) 0.50(5) 0.54(6) 0.52(6)
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FIG. 2: Helicity form factors of the rare Λc → p transition.
Recently the form factors of the weak Λc → p transitions were calculated on the lattice
[7]. The author used the helicity-based definition of the form factors. The relation between
these form factors and the ones defined by Eqs. (6) are given in Ref. [12]. We plot the
helicity form factors of the rare Λc → p transition obtained in our model in Fig. 2. In
Table III we compare our results for these form factors with the values calculated on the
lattice [7] both at minimum q2 = q2max and maximum q
2 = 0 recoil of the final proton. We
find that our and lattice form factors at q2 = 0 have close values, while most of the lattice
form factors at q2 = q2max have somewhat larger values than ours. Although we find the
similar behaviour of the form factors, the lattice ones in general grow more rapidly than
ours with the growth of the q2.
IV. RARE Λc DECAYS
The low-energy effective Hamiltonian for the c→ u transitions can be written as follows
[4]
Heff = −4GF√
2
(
V ∗cbVubH(b)eff + V ∗cdVudH(d)eff
)
, (9)
where
H(b)eff = c1Os1 + c2Os2 +
10∑
i=3
ciOi,
7H(d)eff = c1(Os1 −Od1) + c2(Os2 −Od2),
and GF is the Fermi constant, Vij denote the Cabibbo-Kobayashi-Maskawa matrix elements,
ci are the Wilson coefficients and O(q)i are the standard model operators which expressions
can be found e.g. in Ref. [4].
Then the matrix element of the c → ul+l− transition amplitude between baryon states
can be written in the form similar to the b→ sl+l− transition [12]
M(Λc → pl+l−) = GFα
2
√
2π
[
T (1)µ (l¯γ
µl) + T (2)µ (l¯γ
µγ5l)
]
, (10)
where
T (1)µ = c
eff
9 (q
2)〈p|u¯γµ(1− γ5)c|Λc〉 − 2mc
q2
ceff7 (q
2)〈p|u¯iσµνqν(1 + γ5)c|Λc〉,
T (2)µ = V
∗
cbVubc10〈p|u¯γµ(1− γ5)c|Λc〉. (11)
The expressions for T (m) (m = 1, 2) in terms of the form factors fV,A,TV,TAi and the Wilson
coefficients are given in Ref. [12].
The effective Wilson coefficient ceff9 contains additional effects from quark loops which can
be treated within perturbation theory as well as long-distance contributions of the vector
resonances ρ, ω and φ decaying in to lepton pair l+l−. The perturbative part is given by [22]
ceff9 (q
2) = (V ∗cdVud + V
∗
csVus)
[
c9 + h(mc, q
2)
(
7c3 +
4
3
c4 + 76c5 +
64
3
c6
)
−h(ms, q2)(3c3 + 30c5) + 4
3
h(0, q2)
(
3c3 + c4 +
69
2
c5 + 16c6
)
+
8
3
(c3 + 10c5)
]
−
(
V ∗cdVudh(0, q
2) + V ∗csVush(ms, q
2)
)(2
3
c1 +
1
2
c2
)
, (12)
where
h(mq, q
2) = −8
9
ln
mq
mc
+
8
27
+
4
9
x− 2
9
(2 + x)|1− x|1/2


ln
∣∣∣√1−x+1√
1−x−1
∣∣∣− iπ, x ≡ 4m2q
q2
< 1,
2 arctan 1√
x−1 , x ≡
4m2q
q2
> 1,
h(0, q2) =
8
27
− 4
9
ln
q2
m2c
+
4
9
iπ.
From these expressions it is clearly seen that the perturbative contribution is strongly GIM
suppressed. In the following calculations we take the values of the Wilson coefficients ci
form Ref. [22] and the effective Wilson coefficient ceff7 (q
2) from Ref. [3].
The contributions from the resonances can be modeled by the effective Wilson coefficient
[3]
cR9 (q
2) = aρe
iδρ
(
1
q2 −M2ρ + iMρΓρ
− 1
3
1
q2 −M2ω + iMωΓω
)
+
aφe
iδφ
q2 −M2φ + iMφΓφ
, (13)
where MM and ΓM are masses and total widths of vector M = ρ, ω, φ mesons which we take
form Ref. [23]. The isospin relation between the ρ and ω contributions was explicitly taken
into account. The coupling aφ can be determined from the experimental data [23]
Br(Λc → pφ) = (1.08± 0.14)× 10−3,
8Br(φ→ µ+µ−) = (2.87± 0.19)× 10−4, (14)
and aρ from the recent LHCb measurement [9] of the ratio
Br(Λc → pω)Br(ω → µ+µ−)
Br(Λc → pφ)Br(φ→ µ+µ−) = 0.23± 0.08± 0.03 (15)
by approximating
Br(Λc → pV → pµ+µ−) = Br(Λc → pV )Br(V → µ+µ−), (V = φ, ω). (16)
As a result the following values are obtained
aρ = (0.21± 0.04) GeV2,
aφ = (0.13± 0.01) GeV2.
These coefficients have close values to the ones found previously within the analysis of the
rare D meson decays [3]. The relative strong phases δρ and δφ are not known and we vary
them independently in 0 to 2π range.
The lepton angle differential decay distribution is given by
d2Γ(Λc → pl+l−)
dq2d cos θ
=
dΓ(Λc → pl+l−)
dq2
[
3
8
(1 + cos2 θ)(1− FL) + AℓFB cos θ +
3
4
FL sin
2 θ
]
,
(17)
where θ is the angle between the Λc baryon and the positively charged lepton in the dilepton
rest frame, AℓFB is the lepton forward-backward asymmetry and FL is the fraction of the
longitudinally polarized dileptons. The explicit expressions for the differential decay rates,
forward-backward asymmetry and the fraction of the longitudinally polarized dileptons in
terms of form factors can be straightforwardly obtained from the ones given in Ref. [12].
Substituting in these expressions the decay form factors calculated within our model in the
previous section we get predictions for the rare Λc → pl+l− decay observables. We calculate
them separately both without and with the inclusion of the long-distance vector ρ, ω, φ
resonance contributions (LD). The obtained results for the branching fractions are given
in Table IV in comparison with other theoretical predictions. We see that our predictions
agree well with recent lattice QCD calculations [7] especially for the Λc → pµ+µ− branching
fraction with the account of the resonance contributions. On the other hand, the nonresonant
branching fractions from Refs. [5, 6], which employ the light-cone sum rules, are 2 orders of
magnitude lower than our predictions and 3 orders of magnitude lower than the lattice results
[7]. Our prediction for the Λc → pµ+µ− nonresonant branching fraction is about a factor
of 15 lower than the lattice QCD result [7]. Such deviation cannot be explained entirely by
the above mentioned differences in the form factors, and could be additionally caused by the
different choices for the perturbative effective Wilson coefficients. Thus lattice calculation
includes the two-loop matrix elements of O1 and O2 from Ref. [24] which we do not take into
account in the present consideration. We roughly estimate the uncertainty of our predictions
for the nonresonant differential and total branching fractions to be about 15%. Its sources
are the following: 10% comes from the uncertainties of our form factors and additional 5%
emerges from the variation of the renormalization scale µ of the Wilson coefficients from
µ = 1.3 GeV [22] to µ = 1.5 GeV [4].1 Note that our value of the Λc → pµ+µ− nonresonant
1 In fact, this uncertainty could be significantly larger if we allow the wider range of the renormalization
scale µ variation, e.g., mc/
√
2 ≤ µ ≤ √2mc (see discussion in Ref. [3]).
9TABLE IV: Comparison of theoretical predictions for the Λc rare decay branching fractions.
nonresonant with resonances (LD)
Λc → pe+e−
our (3.8± 0.5) × 10−12 (3.7 ± 0.8) × 10−7
[6] (4.5 ± 2.37) × 10−14 (4.2 ± 0.73) × 10−6
[5] (4.19 ± 2.35) × 10−14
Λc → pµ+µ−
our (2.8± 0.4) × 10−12 (3.7 ± 0.8) × 10−7
[7] (4.1 ± 0.4+6.1−1.9)× 10−11 (3.7 ± 1.3) × 10−7
[6] (3.77 ± 2.28) × 10−14 (3.2 ± 0.66) × 10−6
[5] (3.87 ± 2.26) × 10−14
d
B
r/
d
q2
(
G
eV
−2
)
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10-12
10-9
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FIG. 3: The differential branching fractions for the Λc → pµ+µ− rare decay. The area between
dashed-dotted (orange) curves corresponds to the nonresonant predictions, while the (green) band
shows resonance contributions including uncertainties in coefficients aρ and aφ as well as variations
of the relative strong phases δρ and δφ. The horizontal black line denotes the LHCb 90% CL upper
limit [9].
branching fraction is very close to the recent prediction [3] for the corresponding nonresonant
branching fraction of the D+ → π+µ+µ− decay.
Our result for the branching fraction of the Λc → pe+e− rare decay is well below the
experimental upper limit set by the BABAR Collaboration Br(Λ+c → pe+e−) < 5.5 × 10−6
[8].
In Fig. 3 we plot our predictions for the differential branching fractions of the Λc → pµ+µ−
rare decay both without and with inclusion of the vector ρ, ω, φ meson contributions. The
LHCb 90% CL upper limit [9] is also given. We see that the calculated branching fraction
with the account of resonances agree well with the experimental limit. If we calculate
the branching fraction in a region with excluded ranges ±40 MeV around the ω and φ
10
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FIG. 4: Prediction for the fraction of longitudinally polarized dileptons FL(q
2) in the Λc → pµ+µ−
decay. The dashed curve corresponds to the nonresonant predictions, while the solid curve shows
results with the inclusion of the vector meson resonances.
masses, we get the value (1.9 ± 0.5) × 10−8, which is in accord with experimental upper
limit Br(Λ+c → pµ+µ−) < 7.7 × 10−8 obtained with the same constraints. Note that the
prediction with the account of resonances of Ref. [6] is significantly above this experimental
limit.
In Fig. 4 we plot our prediction for the q2-dependence of the fraction of the longitudinally
polarized dimuons FL(q
2) for the central values of the decay parameters. The predicted value
of the average longitudinal polarization fraction with the account of resonance contributions
is 〈FL〉 = 0.52± 0.02. The lepton forward-backward asymmetry AℓFB is proportional to the
Wilson coefficient c10 and thus vanishes in the standard model. Therefore, any experimental
deviations from zero for AℓFB will be a signal of the new physics.
V. CONCLUSIONS
The Λc → pl+l− rare decays were investigated in the framework of the relativistic quark
model. The quasipotential approach with the QCD-motivated interquark interaction was
employed for the calculation of the Λc → p weak transition from factors. The relativistic
effects including wave function transformations of the final proton from the rest to moving
reference frame and contributions to decay processes of the intermediate negative-energy
states are comprehensively taken into account. These form factors were expressed through
the overlap integrals of the baryon wave functions and their q2 dependence was consistently
determined in the whole accessible kinematical range. No additional model assumptions and
extrapolations were used thus improving the reliability of the obtained results. Reasonable
agreement of the calculated helicity form factors at q2 = 0 with recent lattice results [7] is
found. However our form factors increase with growing q2 slightly slowly than the lattice
ones.
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These form factors were used to calculate the differential and total branching fractions
and angular distributions of the Λc → pl+l− rare decays. Both the perturbative and effective
Wilson coefficients, which include the additional long-distance contributions from the vector
ρ, ω and φ resonances were used in the analysis. It was found that the perturbative term is
strongly GIM suppressed and the main contribution comes from resonances modeled by a
simple Breit-Wigner model, which coefficients are determined from available experimental
data. The calculated branching fraction of the Λc → pµ+µ− decay is well consistent with the
experimental upper limit Br(Λ+c → pµ+µ−) < 7.7 × 10−8 at 90% confidence level recently
reported by the LHCb [9].
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